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1.1. Arrays of amino acid derived Ugi products
Multicomponent reactions based on a central isocyanate re-
agent have contributed signiﬁcantly to methods for making paral-
lel arrays of combinatorial products. In particular the reactions
initially described by Ugi, Passerini and van Leusen involve various
components to make complex products from simple readily avail-
able precursor reagents. In the case of the Ugi reaction, the combi-
nation of carboxylic acid, isocyanate, amine and a carbonyl
component (aldehyde or ketone) can yield a range of potential
scaffolds. The scaffold generated is primarily dictated by the type
of carboxylic acid employed, although a further source of diversity
in the products can be accessed through incorporation of orthogo-
nal functional groups that can be reacted in subsequent transfor-
mations, to generate, for example, more complex ring structures.
The Ugi reaction usually results in an a-adduct following the
addition of the acid anion onto the intermediate nitrilium ion.
Nucleophiles present are usually acylated at this point. As the
Ugi reaction is frequently carried out in methanol solvent, a com-
mon occurrence is the formation of methyl esters. This type of
reaction is termed U-5C-4CR for the Ugi ﬁve centre four-compo-
nent reaction that takes place in the reaction mixture. A recent pa-
per describes the use of a-amino acids in the Ugi reaction, to
generate iminodicarboxylic acid monomethyl esters (1) that have
been converted by a mild amidation reaction into a small array
of amide derivatives (2).1doi:10.1016/j.comche.2009.08.002
E-mail: nterrett@ensemblediscovery.comIt was found that following the Ugi-5C-4CR, the products could be
converted to amides using the conditions of Mioskowski who had
previously employed 1,5,7-triazabicyclo[4.4.0]dec-5-ene as catalyst
for the amidation. Two general reaction conditions were found to be
suitable: either using THF as solvent, or performing the reaction
without solvent. As a demonstration of the versatility of this ap-
proach, a small array of 24 compounds were made from three Ugi
adducts reacted with a range of eight different amines. The products
were isolated in low to moderate yields and were fully character-
ised by NMR HPLC-MS and HRMS.
1.2. Fluorous parallel synthesis of tricyclic compounds
Multicomponent reactions (MCRs) are an atom-efﬁcient meth-
od for the construction of molecules with complex structures. In
particular the MCR approach has found favour amongst medicinal
chemists for the parallel synthesis of compounds for screening and
hit discovery purposes. Fluorous separations are based on the pro-
pensity of highly ﬂuorinated compounds to efﬁciently partition
into ﬂuorous environments. Fluorous solid-phase extraction can
be used to separate a mixture on the basis of the presence of a ﬂu-
orous tag moiety in the target molecule. A recent paper describes
the use of a ﬂuorous-chemistry based synthesis of three novel het-
erocyclic scaffolds.2The structures prepared in these libraries contained a common
bicyclic proline intermediate (3) prepared in a one-pot three-
component [3 + 2] cycloaddition reaction involving amino esters,
aldehydes and maleimides. The mixtures were heated by micro-
waves and then the ﬂuorous tag was used to separate the prod-
ucts from unreacted starting materials using ﬂuorous solid-phase
extraction.
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hydantoin-fused (4), 90 piperazine-fused (5) and 60 diazapinedi-
one-fused (6) tricyclic products. For example, the piperazinediones
(5) were prepared from 4 by acylation with chloroacetyl chloride in
the presence of DMAP, followed by nucleophilic substitution with
primary amines and lactamisation. All ﬁnal compounds were sub-
mitted to the NIH repository and are currently being evaluated in
high-throughput screening programs.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A comparative study on solution-phase and solid-phase oligo-
saccharide synthesis has been performed. A 16-member library
containing all regioisomers of Glc–Glc, Glc–Gal, Gal–Glc and Gal–
Gal disaccharides was synthesised both in solution and on solid
phase. The various reaction conditions for different approaches
and corresponding yields are analysed and discussed.3
2.2. Solution-phase synthesis
Five-membered ring lactones have been synthesised using a
straightforward three-component reaction amongst in situ-gener-
ated arylzinc reagents, dimethyl itaconate and aromatic aldehydes.
This Barbier-like procedure, which is characterised by its simplic-
ity, is suitable for the concise parallel synthesis of a range of highly
functionalised 4,5-substituted c-butyrolactones.4
An efﬁcient method, suitable for parallel synthesis, has been
developed to construct drug-like 2,3-dihydropyrazino[1,2-a]in-
dole-1,4-diones from 1H-indole-2-carboxylic acids, ethyl pyruvate,
isocyanides and primary amines via a one-pot, two-step procedure
involving Ugi reaction and microwave-assisted cyclisation.5
Alkynylboronates represent useful substrates for the direct syn-
thesis of triazole boronic esters by their thermal cycloaddition with
azides. A telescoped cycloaddition–cross-coupling protocol has
been reported and its employment in the synthesis of a small tria-
zole array has been disclosed.6
2.3. Scaffolds and synthons for combinatorial libraries
Pyroglutamic acid has two differentially activated carbonyls.
The asymmetric use of pyroglutamic acid has exploited their reac-
tivity differences to explore further possibilities of the uses of
pyroglutamic acid as a chiral scaffold.72.4. Solid-phase supported reagents
A simple and efﬁcient procedure for the preparation of silica-
bonded N-propyl sulphamic acid by the reaction of 3-aminopropyl-
silica and chlorosulphonic acid in chloroform has been described.
This solid acid has been employed as a new catalyst for the formy-
lation of alcohols and amines with ethyl formate under mild and
heterogeneous conditions at room temperature with good to excel-
lent yields.8
The asymmetric Friedel–Crafts-type alkylation in aqueous med-
ia has been realised by the resin-supported N-terminal prolyl pep-
tide catalyst having a polyleucine tether. The hydrophobic
polyleucine chain in the peptide catalyst was essential for the reac-
tion efﬁciency and enantioselectivity.9
Flow-through catalysis utilising (2-methylthiomethylpyri-
dine)palladium(II) chloride species covalently attached to a macro-
porous continuous organic polymer monolith synthesised within
fused silica capillaries has been described.102.5. Novel resins, linkers and techniques
Screening of one-bead one-compound libraries by incubating
beads with ﬂuorescently labelled target protein requires isolation
and structure elucidation of a large number of primary hit beads.
However, the potency of the identiﬁed ligands is only revealed
after time consuming and expensive larger scale resynthesis and
testing in solution. A recent paper describes the combination of
single bead and single molecule/single cell techniques into an inte-
grated HTS process in which the picomole amount of substance
contained on one isolated hit bead is sufﬁcient for quality control,
structure determination and precise afﬁnity determination to the
target protein in solution.112.6. Library applications
A new [4]carceplex has been reported, composed of two cavit-
ands linked by four disulphide bonds. It forms twistomers, which
interconvert on a millisecond timescale, although the energy bar-
rier for interconversion of twistomers is guest-dependent. Use of
a redox buffer allowed dynamic combinatorial chemistry to be per-
formed between pairs of templates.12
Aryldiazepinothiophenones have been prepared from the reac-
tion of o-phenylenediamines with acetone in the presence of 2-
mercaptocarboxylic acids along with thiazolobenzodiazepines,
thiazolobenzimidazoles and 1,5-benzodiazepines, which were ob-
tained as by-products. Compounds were also accessed via a combi-
natorial method and were evaluated for aldose reductase
inhibition and also as antioxidants.13
A library of novel 5-hydroxycoumarin and pyranocoumarin
derivatives has been constructed via silica sulphuric acid-catalysed
Pechmann reaction and Pd(0)-catalysed Suzuki coupling in tan-
dem, and their antiproliferative activities against breast cancer
cells MCF-7 and MDA-MB-231 were evaluated.14
Polymer-assisted solution-phase parallel library synthesis was
used to discover a piperazinyl-glutamate-pyridine as a P2Y12
antagonist. Exploitation of this lead provided compounds with
excellent inhibition of platelet aggregation as measured in a hu-
man platelet rich plasma (PRP) assay.15
A series of benzimidazole–isatin oximes were prepared and
proﬁled as inhibitors of respiratory syncytial virus (RSV) replica-
tion in cell culture. Structure–activity relationship studies were di-
rected toward optimisation of antiviral activity, cell permeability
and metabolic stability in human liver microsomes (HLM). Parallel
combinatorial synthetic chemistry was employed to functionalise
isatin oximes via O-alkylation which quickly identiﬁed a subset
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the series.16
The synthesis and SAR of the novel positive allosteric modula-
tor, VU0155041, a compound that has shown in vivo efﬁcacy in ro-
dent models of Parkinson’s disease, has been described. The
synthesis takes advantage of an iterative parallel synthesis ap-
proach to rapidly synthesise and evaluate a number of analogues
of VU0155041.17
Combinatorial chemistry has been used to ﬁnd chiral pentaam-
ines and bis-heterocyclic compounds with 90–100% inhibition
against Mycobacterium tuberculosis strain H37Rv. Some of the iden-
tiﬁed compounds are more active than the existing drug
ethambutol.18
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